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ABSTRACT
Research on the effect of bilateral nucleus posterior 
thalami and visual cortical (striate) lesions on various 
visual discrimination habits indicated that as the diffi­
culty of the task increases— from the onset of a light to 
a complex form discrimination— the nucleus posterior de­
creases in importance, and conversely, the striate cortex 
increases in importance. The present research sought to 
determine whether such an inverse relationship exists by 
comparing the effect of nucleus posterior and striate le­
sions on an easy and a difficult brightness discrimination.
Utilizing escape from shock as a motive, forty-two 
and 35 adult male albino rats were trained on an easy and 
a difficult brightness discrimination, respectively. The 
easy discrimination required responding positively (no 
shock) to a 113 ft-c light and negatively (shock) to no 
light, while the difficult discrimination involved a posi­
tive response to a 113 ft-c light and a negative response 
to a light 1/25 the intensity of the positive stimulus. 
Following learning of the easy discrimination 20 Ss received 
bilateral nucleus posterior lesions, 12 Ss received occipi­
tal cortical lesions, and 10 Ss served as unoperated con­
trols; on the difficult problem 14 Ss received bilateral
vi
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nucleus posterior damage, 12 Ss received visual cortical 
ablations, and 9 Ss were used as controls.
Retention tests conducted 14 days after the operations 
showed that both nucleus posterior and striate lesions pro­
duce significant retention losses on an easy and a diffi­
cult brightness discrimination. Since nucleus posterior 
lesions produced a significantly greater retention loss on 
the difficult as compared to the easy brightness discrimi­
nation, it was concluded that a direct, rather than an 
inverse relationship exists between the nucleus posterior 
and the visual cortex. The implication of a direct re­
lationship between the nucleus posterior and the visual 
cortex is discussed in the conceptual framework of an 
occipito-pretecto-mesencephalic pathway.
INTRODUCTION
Studies on the effect of bilateral visual cortical 
(striate) lesions on various visual discrimination habits 
indicate that the greater the difficulty of the task* the 
greater is the loss due to striate assault.
Striate ablation virtually eliminates the capacity to 
perform successfully on a pattern discrimination in rats 
(Horel, et al., 1965; Lashley & Frank, 1934; Schwartz &
Clark, 1957), cats (Meyer, 1963; Smith, 1938), dogs 
(Marquis, 1934), and monkeys (Kluver, 1942). A similar 
result was found with rats previously trained on a succes­
sive brightness discrimination problem (Thompson & Malin, 
1961). Furthermore, striate animals make progressively 
more errors on a brightness discrimination task as the 
difference between the two discriminanda is reduced (Lashley, 
1930).
In contrast, while complete occipital damage disrupts 
a previously learned simple brightness discrimination (e.g. 
white versus black), animals relearn the habit in about the 
same number of trials and errors as required for initial 
learning (Horel, et al., 1965; Lashley, 1929; Marquis, 1934; 
Smith, 1937; Thompson, 1960a). Animals without striate
cortex acquire a simple brightness discrimination in about 
the same number of errors as normal controls (Horel, et 
al., 1965; Lashley, 1929; Marquis, 1934; Smith, 1937). The 
findings regarding the effects of striate damage on the 
retention of a simple brightness discrimination and the 
learning of the above mentioned successive habit must be 
qualified to the extent that when a very intense positive 
stimulus (100 ft-c) is used, performance losses are some­
what diminished (Bauer & Cooper, 1964).
Finally, in a visual avoidance conditioning situation, 
where the response is elicited by the mere onset of light, 
occipital lesions have little or no effect on either learn­
ing or retention of the task (Marquis & Hilgard, 1935; 
Meyers, 1963; Thompson, 1960b; Wing & Smith, 1942). Sum­
marizing the foregoing studies, it may be concluded that 
the visual cortex appears to be both sufficient and neces­
sary for performance on pattern and difficult brightness 
discriminations, sufficient but not necessary for perform­
ance on simple brightness discriminations, and neither 
sufficient nor necessary for responding to the onset of a 
visual signal.
Attempts to implicate certain subcortical structures, 
such as the superior colliculus (Freeman & Papez, 1930; 
Ghiselli, 1937; Layman, 1936; Thompson & Massopust, 1960), 
caudate nucleus, globus pallidus. inferior colliculus,
central gray, septum, hippocampus, amygdala (Thompson & 
Massopust, 1960), mammillary bodies (Thompson & Hawkins,
1961) and interpeduncular nucleus (Thompson & Rich, 1961b) 
in the mediation of visual discriminations have not proved 
fruitful, at least with respect to the albino rat.
A recent detailed study of the pretectal region in the 
rat (Thompson & Rich, 1961a), however, disclosed that bi­
lateral lesions of an area corresponding to Gurdjian's 
"nucleus posterior" (Gurdjian, 1927) produced significant 
losses on a previously learned brightness discrimination. 
Damage to structures adjacent to this nucleus (nucleus pre- 
tectalis, lateralis posterior, parafascicularis or lateralis) 
had little effect. Recent varification of these findings 
have been obtained utilizing thirst, rather than shock, as 
the motive (McNew, 1965). The contention that the nucleus 
posterior is the critical subcortical structure subserving 
visual habits in the absence of the striate cortex is 
strengthened by the finding that striate rats, after learn­
ing a simple brightness discrimination, show a significant 
retention loss following bilateral nucleus posterior damage 
(Thompson & Rich, 1963). The above findings along with the 
observation that the nucleus pdsterior (Thompson, Lesse, & 
Rich, 1963), like the visual cortex (Lashley, 1929), is 
specific for visual tasks, suggest that the losses following
4nucleus posterior damage parallel those caused by striate 
damage. To assess this possibility, Thompson and Rich 
(1963) studied the effects of nucleus posterior damage on 
the retention of a simple simultaneous brightness discrimi­
nation, a difficult simultaneous brightness discrimination, 
a successive brightness discrimination, and a simultaneous 
form discrimination. These investigators found that losses 
resulting from nucleus posterior lesions were in almost com­
plete contrast to the above-mentioned losses produced by 
occipital ablation. First of all, the operated Ss were able 
to relearn both the pattern and successive brightness dis­
criminations. Secondly, the Ss trained on the simultaneous 
brightness discriminations exhibited a significantly greater 
retention loss than those trained on the form discrimination. 
Finally, the operated Ss exhibited no increased deficit in 
performance as the difficulty of the brightness discrimina­
tion was increased (white-dark gray discrimination versus 
white-medium gray discrimination) . After pointing out that 
nucleus posterior lesions produce a severe loss on a visual 
avoidance task (Thompson, 1963), these authors suggest that 
"as the visual habit becomes more perceptually complex— from 
the onset of light to a form discrimination— the visual cor­
tex plays a more prominent role while the nucleus posterior 
takes on a subordinate role" (Thompson & Rich, 1963, p. 63).
This observation, along with evidence for the exis­
tence of corticofugal (Combs, 1949) and thalamo-cortico 
(Krieg, 1947) pathways connecting the two structures, sug­
gests that some reciprocal relationship exists between the 
nucleus posterior and the visual cortex. It was the aim 
of the present study to provide behavioral data as to the 
nature of this relationship. Specifically, the present 
study was designed to determine whether there is an inverse 
relationship between amount of retention loss produced by 
occipital and nucleus posterior lesions and the difficulty 
of a brightness discrimination habit.
METHOD
Subjects
Seventy-seven adult male albino rats of the Wistar 
strain were used. All Ss were housed in wire community 
cages (four Ss per cage) containing a constant supply of 
food and water.
Apparatus
The apparatus used was a two-choice discrimination 
box utilizing shock as a motive described in detail by 
Thompson and Bryant (1955)* but modified to employ lights 
as the discriminanda. The previously used discrimination 
cards were replaced by hinged translucent doors (4-1/2" x 
4-1/2") behind which were mounted two 75-w. floodlights 
(each wired through a variable transformer) which could be 
independently activated. A Gossen, Lunasix exposure meter 
was used to determine the amount of illumination emitted 
through the stimulus doors. When measured at the start 
box end of the partition dividing the two alleys, one flood­
light gave a reading of 113 ft-c. The apparatus was housed 
in a windowless room illuminated by a shielded red light 
which negligibly activated the exposure meter in the vicin­
ity of the test apparatus.
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Surgery and Histology
All lesions were performed under chloral hydrate anes­
thesia. Posterior cortical lesions were produced by the 
suction method. An attempt was made to destroy Krieg's 
visual areas 17, 18, and 18a (Krieg, 1946). Following re­
tention testing, the Ss were sacrificed, perfused, the 
brains removed, and the lesions sketched on brain diagrams 
containing a representation of Krieg's cytoarchitectural 
fields of the visual areas.
Pretectal lesions were made with a Baltimore stereo­
taxic instrument in conjunction with the Massopust (1961) 
rat atlas. After retraining, Ss were sacrificed, perfused, 
the brains removed, frozen and sectioned frontally at 60 
microns. Informative sections showing the lesion were 
photographed at 10X with the use of a Leitz enlarger. The 
procedure for determining the percentage of bilateral 
damage to the nucleus posterior for each S. was as follows: 
(a) photographs representing the four frontal sections 
(see Figure 3, p. 21) through that part of the pretectal 
diencephalon where the nucleus posterior is located, were 
selected, (b) an outline of the brain and lesion was 
transferred to tracing paper from each photograph, ,(e) a 
transparent slide (at the corresponding frontal level) 
of one of the four frontal sections (again, see Figure 3, 
p. 21) was superimposed, by means of a projector, upon each
tracing* and the area of the nucleus posterior drawn in,
(id) estimates were made of the percent nucleus posterior 
damage at all four levels with the use of a Dietzgen, polar 
planimeter, and finally (e) the percent damage to the one 
of 2 anterior levels having the greatest amount of damage 
was averaged with the one of 2 posterior levels having the 
greatest damage, to yield a total percentage of bilateral 
damage to the nucleus posterior. Only central necrotic 
damage was used in determining the extent of the lesion.
Procedure
Preliminary training. Preliminary training was the 
same for all groups. Each S. was dark-adapted for a period 
of 6 minutes prior to the start of training on any given 
day. On day 1, each S_ was given shock-avoidance training 
in which shock was applied if S. failed to leave the start- 
box within 5 sec. after the door was raised. If did not 
enter the goal box within 30 sec., additional shocks were 
given. Training consisted of gradually closing the initial­
ly open doors until three consecutive unshocked runs were 
made with the doors completely closed. The two stimulus 
lights were, simultaneously, either on or off in a prede­
termined random order during preliminary training.
Original learning. The formal training procedure was 
the same for all groups; only the stimuli to be discriminated
differed. Following day 1, each S. was given 6 trials daily 
on either an easy or a difficult discrimination problem, 
the brighter of the two doors constituting the positive 
stimulus in both problems. A response to the positive 
stimulus admitted J3 to the goal box, whereas a response to 
the locked negative stimulus was automatically followed by 
shock to the feet. The positive stimulus was varied from 
the right door to the left in a predetermined random order.
The intertrial interval was held constant at 60 sec. The 
specific training procedure was as follows: f> was placed
in the start box, the stimulus light(s) turned on, and the 
door raised. If S. failed to leave the start box within 5 
sec., the grid floor was briefly charged. No further shock 
was given unless 55 made an error or unless a choice was not 
made within 30 sec. The light(s) was turned off immediately 
after jS entered the goal box. Training was terminated when 
j5 had reached the criterion of two consecutive errorless days.
One group of rats was trained on an easy brightness dis­
crimination, and a second group was trained on a difficult 
brightness discrimination.
Easy brightness discrimination. Forty-two rats were 
trained on an easy brightness discrimination in which the 
positive stimulus was an intense 113 ft-c light and the 
negative stimulus was no light. Of the 42 Ss, 10 served as
normal controls, 12 received bilateral occipital cortical 
ablations (group EC), and 20 received bilateral lesions 
of the pretectal diencephalon (group EP).
Difficult brightness discrimination. Thirty-five 
rats were trained on a difficult brightness discrimina­
tion in which the positive stimulus was a 113 ft-c light 
and the negative stimulus was a light 1/25 the intensity 
of the positive stimulus. Of the 35 Ss, nine were un­
operated controls, 12 underwent bilateral removal of the 
occipital cortex (group DC), and 14 received bilateral 
lesions of the pretectal diencephalic area (group DP).
After reaching criterion of learning, the Ss within 
each of the two main groups were matched as closely as 
possible on learning errors, then, randomly assigned to 
the respective operated and control groups. Three rats 
trained on the easy discrimination and 4 trained on the 
difficult discrimination died following the operation.
These Ss are not included in the totals given above. Two 
weeks after surgery, the Ss of each operated and control 
group were tested for retention by the relearning method. 
Percentage of error savings served as the measure of reten­
tion .
RESULTS
Cortical Lesions
Figure 1 presents typical lesions to the striate and 
peristriate areas. Reconstructions of the lesions revealed 
that in the easy discrimination group (group EC), ten of 12 
and in the difficult group (greup DC) nine of 12 Ss suffer­
ed complete bilateral destruction of area 17. In most 
cases, the peristriate areas were also bilaterally destroy­
ed. Ss with incomplete bilateral damage to area 17 (two Ss 
in group EC and three Ss in group DC) were discarded from 
the subsequent behavioral comparisons.
Nucleus Posterior Lesions
Analysis of the lesions revealed that five of 20 rats 
in the easy discrimination group (group EP) and two of the 
14 in the difficult discrimination group (group DP) had 
lesions which were centered either anterior or posterior to 
the intended pretectal diencephalic area under investiga­
tion. The behavioral data of these Ss were excluded from 
the analysis.
Since the striate lesions in groups EC and DC were 
virtually complete^ a meaningful striate versus nucleus 
posterior comparison could be made only if the posterior
11
9Figure 1. Photograph of three cortica esions snowing
damage to the striate and peristriate areas
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thalamic lesions were equally substantial. This considera­
tion, along with that of making roughly equivalent the 
amounts of nucleus posterior damage in groups EP and DP led 
to the exclusion of those operated rats having lesions 
which damaged less than 60% of the nucleus posterior (five 
Ss in group EP and four Ss in group DP). Figure 2 illus­
trates a lesion in the pretectal diencephalic area which 
was estimated to have caused 100% bilateral damage of the 
nucleus posterior. The mean percent damage to the nucleus 
posterior for group EP (N = 10) and group DP (N = 8) was 
86% and 76%, respectively. The mean percentage of destruc­
tion to the entire pretectal diencephalon was 28.3% for 
group EP and 21.5% for group DP. These means serve to 
indicate that the total magnitude of the lesions in the two 
groups is quite comparable.
Retention Data
Table 1 summarizes the means of the original learning 
and retention scores for all operated and control groups.
It should be pointed out that the learning means only par­
tially reflect the relative ease with which the light-dark 
discrimination was learned. Twelve Ss. mastered the problem 
in one error and were discarded from the experiment because 
any loss exhibited by these Ss would have been difficult to 
interpret. As the learning means indicate, the difficult
terior damage was determined, showing a lesion which destroyed 100% of the nucleus
posterior (area on the right enclosed by dark lines).
i—•
TABLE 1
MEAN LEARNING AND RETENTION SCORES FOR ALL 
OPERATED AND CONTROL GROUPS
Group N
u:., ."t 1 i.; 'a.,1, ' r r —'aaeasE3=r=s:
Learning Retention
Trials Errors Errors
Savings Range
Easy
Control 10 13.8 4.0 0.2 96.0 60-100
Occipital 10 13.8 4.0 2.4 38.5^* -33-100
Nucleus
Posterior 10 15.6 5.0 2.4 49.1*** -50-100
Difficult
Control 9 50.7 17.0 2.7 84.6 56-100
Occipital 9 26.7 14.4 14.0 -22.1* -200-93
Nucleus 8 49.5 17.6 20.0 -32.6*** -162-57
Posterior
♦♦♦Significantly inferior to the respective control group at the .001 level.
♦♦Significantly inferior to the respective control group at the .01 level.
♦Significantly inferior to the respective control group at the .025 level.
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discrimination provided a task roughly three times as dif­
ficult as that of the easy discrimination. It will be 
noted that in spite of the fact that several animals were 
discarded because of failure to meet the anatomical cri­
teria stated above, the control and operated groups involved 
in each discrimination task were initially well matched. 
Unless otherwise indicated, statements of probability are 
based upon the nonparametric mann-Whitney U-test (Siegel, 
1956).
Although the mean retention scores of the two control 
groups differed somewhat, this difference failed to reach 
the acceptable .05 level of significance. Thus, it was con­
sidered legitimate to make direct comparisons of the savings 
scores between the various operated groups.
Easy discrimination. A comparison of the retention 
scores indicated that each operated group trained bn the 
easy discrimination was significantly inferior to the con­
trol group at, or beyond, the .01 level. As indicated by 
the "positive" mean savings scores earned by the operatees 
(Table 1), the loss was incomplete. It was found that group 
EC (t = 1.90, p <; .05) and group EP (t = 3.17, p 4^ .01) re­
quired significantly fewer errors in reaching the postopera­
tive criterion as against the preoperative criterion. The 
magnitude of retention loss produced by each type of lesion 
was not found to differ reliably (group EC versus group EP;
17
U = 45.0, p^ .05). Other specific comparisons emphasize 
the basic similarity of the two groups. One of 10 Ss in 
group EP and two of 10 Ss in group EC showed negative 
savings. Nine of 10 Ss in group EP and eight of 10 Ss in 
group EC had savings scores less than the mean savings of 
the control group.
Difficult discrimination. On the difficult discrimi­
nation, the mean savings scores of group DC and group DP 
were significantly below that of the control group at the 
.025 and .001 levels, respectively. That this loss was 
relatively complete is indicated by the findings that both 
operated groups earned "negative" mean savings scores and 
that neither exhibited a statistically significant reduction 
in the number of errors to the postoperative criterion rela­
tive to the number made in original learning (group DC, 
t « .087* p^ .05; group DP, t = .045, p^ .05). Neverthe­
less, with the exception of one striate animal, all operated 
Ss were able to reacquire the task is less than twice the 
number of errors made in original learning. As on the easy 
discrimination, the retention loss produced by occipital 
and nucleus posterior lesions did not differ significantly 
(group DC versus group DP; U = 33.0, p> .05}. The tendency, 
if any, is for nucleus posterior lesions to produce a 
greater retention loss ;(see Table 1). It should be pointed
18
out that both group DP (SD = 87.8%) and group DC (SD = 
105.7%) exhibited considerable variability in savings 
scores.
Easy versus difficult discrimination. Although occipi­
tal lesions tended to produce a greater retention deficit 
on the difficult discrimination, the difference between the 
two cortical groups failed to be statistically significant 
(group EC versus group DC; U = 31.5, .05). An addition­
al analysis showed that the magnitude of the cortical lesion 
(i.e. whether or not the lesion invaded areas 18 and 18a) 
was not related to the amount of savings shown in either 
group EC or group DC.
Nucleus posterior lesions, on the other hand, produced 
a significantly greater loss on the more difficult of the 
two brightness discriminations (group EP versus group DP;
U = 15.5, p <.025).
Correlations Between Nucleus Posterior Damacre and Savings 
Score
According to the report of Thompson and Rich ;(]1961a), 
the individual savings score on a brightness discrimination 
correlated significantly iCrho = .74) with the extent of 
damage to the nucleus posterior. In the current study, how­
ever, the rank-order correlation between extent of nucleus
19
posterior damage and the individual savings scores of all 
15 Ss in group EP revealed no suggestive relationship 
(irho = .026, p^.05). One possible explanation of this, 
discrepancy may lie in the fact that ten of the 15 Ss of 
the present experiment sustained at least 69.5% damage to 
the nucleus posterior. However, the difference in savings 
scores between the 10 Ss with 60% or greater nucleus pos­
terior damage (mean retention = 49.1%) and the 5 Ss receiv­
ing less than 60% destruction (mean retention = 45.2%) 
failed to reach statistical significance. Thus, the low 
correlation probably does not reflect any peculiarities in 
the distribution of the individual lesion measurements.
That total magnitude of the lesions among the 15 Ss is not 
related to the retention loss exhibited, is indicated by 
the nonsignificant rank-order correlation obtained between 
percentage of destruction to the entire pretectal diencepha­
lic area and the individual savings score (rho - .052, 
p^ .05) . In ord^r to see whether damage to some other pre­
tectal structure might be related to the loss shown on the 
easy discrimination habit, rank-order correlations were 
determined between the extent of damage to four areas ad­
jacent to the nucleus posterior and the individual savings 
score. The four areas (Figure 3). corresponding roughly to 
the pretectal nucleus, lateral nucleus of the optic tract, 
medial pretectal area (Bucher & Nauta, 1954);, and posterior
20
thalamo-mesencephalic tract (Papez & Freeman, 1930; Thompson 
et al., 1964) are known to have direct or indirect connec­
tions with the optic tract. As seen in Figure 3(C) each 
rank-order correlation is far from significance.
In group DP (N = 12) , on the other hand., the magnitude 
of nucleus posterior damage correlated significantly with 
individual savings scores (rho = .713, p<.01). The differ­
ence in savings scores earned by the 8 Ss receiving 60% or 
greater nucleus posterior damage (mean retention = -32.6%) 
also differed reliably from the 4 Ss with less than 60% 
destruction (mean retention = 70.7%) at the .01 level of 
significance. A rank-order correlation computed between 
total pretectal diencephalic damage and individual savings 
scores for the 12 Ss in group DP failed to reach the ac­
ceptable level of significance (rho = .434, p^ .05). Thus, 
the individual retention losses appear to be a function of 
the locus, rather than the size of the lesion. Figure 3(D) 
presents separate rank-order correlations between the four 
discrete pretectal areas and individual savings scores for 
group DP. Extent of pretectal nucleus damage is also re­
liably related (p <.05) to savings scores.
Ancillary Data
After reaching postoperative criterion on the diffi­
cult discrimination, five occipital, five nucleus posterior,
Figure 3. Four frontal sections showing the five discrete areas used to determine the 
relationship between extent of bilateral damage and the retention score. Rank-order corre­
lations obtained from §s in group EP (easy discrimination) and group DP (difficult discrimi­
nation) for each area in the analysis are shown in (C) and (D)3 respectively. Abbreviations 
ntol, lateral nucleus of optic tract; p, nucleus posterior; pt, pretectal nucleus; ptm, 
medial pretectal area; ptmt, posterior thalamo-mesencephalic tract.
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and five control Ss were trained to criterion on the simple 
light-dark discrimination; then, subjected to an absolute 
threshold test which consisted of reducing in successive 
steps (representing 8, 2, 0.5, 0.13, 0.032, and 0.016 ft-c) 
the brighter positive stimulus. Each was required to 
meet criterion (12 consecutive errorless trials) at each 
determination, and was considered to have been unable to 
discriminate between the two stimuli after having made more 
than 20 errors at any one determination. The purpose of 
this test was to compare the absolute brightness thresholds 
of nucleus posterior and striate lesioned Ss. It was ex­
pected that this comparison would provide additional infor­
mation regarding the functional relationship between the 
nucleus posterior and striate cortex in mediating easy and 
difficult brightness discriminations. Only the data from 
those Ss having either complete occipital or greater than 
60% nucleus posterior damage will be reported (group DC = 2 
group DP = 1; control = 5). Table 2 presents a summary of 
these data. The results reveal that, independent of the 
amount of postoperative savings shown, once the discrimina­
tion was relearned, all operated and control Ss mastered 
each increasingly difficult discrimination with virtually 
no errors, even at the most difficult setting. Due to the 
unreliability of the exposure meter at levels of illumina­
tion below .016 ft-c, it was not possible to determine the
23
TABLE 2
ERRORS FOR SUBJECTS ON THRESHOLD TEST
GROUP
Error
sav(if9S
Errors
113 8
Settings (ft- 
2 0.5 0
c)
.13 0.032 0.016
Control
#19 56 0 0 0 0 0 1 0
#21 77 0 0 0 0 0 0 0
#22 100 0 0 0 0 0 0 0
#27 100 0 0 0 0 0 0 0
#31 96 0 0 2 0 0 0 0
Occipital
#17 -163 0 1 0 0 0 0 0
#29 -20 0 0 0 0 0 0 0
Nucleus
Posterior
#18 57 1 0 0 0 0 0 0
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absolute threshold with any degree of precision. However, 
the data do suggest that no marked disturbance in sensi­
tivity to light is produced by either occipital or nucleus 
posterior lesions.
DISCUSSION
The present study was designed to determine the rela­
tive importance of the nucleus posterior thalami and the 
visual cortex in mediating an easy and a difficult bright­
ness discrimination, and concomitantly, to provide evidence 
as to the validity of the suggestion by Thompson and Rich 
(1963) that the nucleus posterior functions primarily in 
easy discriminations, while the striate cortex subserves 
perceptually more complex visual habits. Contrary to the 
Thompson and Rich proposal, the results indicate that a 
direct, rather than an inverse, relationship exists between 
these two structures. Evidence for this direct relationship 
is seen in the group EP versus group DP comparison. If the 
nucleus posterior functions primarily in mediating easy as 
opposed to difficult discriminations, one would predict a 
greater loss on the easier of two brightness discriminations. 
The significant difference found to exist between the two 
groups was in the direction opposite to that predicted.
Thus, as the difficulty of the discrimination increases,
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greater retention deficits are observed following nucleus 
posterior lesions. The question arises as to the possible 
source of discrepancy between the present results and those 
of Thompson and Rich C1963). The difference may lie in the 
fact that Thompson and Rich included the zone of gliosis in 
estimating the extent of their lesions to the nucleus pos­
terior, whereas only central necrotic damage was considered 
in the present study. Thus, a lesion estimated to have 
destroyed a large percentage of the nucleus posterior in 
the Thompson and Rich study (1963) may not have been compa­
rably judged in the present experiment. That this may, in 
fact, have been the case is indicated by the small varia­
bility and great percentage (90-100%) of nucleus posterior 
damage reported by these investigators.
That group DC showed a more marked disturbance in re­
tention than group EC is consistent with the findings of 
Lashley (1930). In an experiment conducted under conditions 
of general room illumination, Lashley (1930) compared the 
retention of striate rats previously trained on a light-dark 
and 1:4 ratio brightness ;(6 ft-c standard) discrimination. 
While numerous procedural differences preclude a meaningful 
comparison between the magnitude of retention loss obtained 
in the two experiments, the failure to obtain a reliable 
difference in retention between groups EC and DC in the 
present study, is probably related to the ratio (1:25)
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employed and the use of an extremely intense (113 ft-c) 
standard stimulus.
In addition to providing evidence as to the relative 
importance of the nucleus posterior and striate cortex in 
mediating an easy and a difficult brightness discrimination, 
the results of the present study serve to confirm and ex­
tend previous findings regarding the function of the nucleus 
posterior. As in the Thompson and Rich (1963) study, lesions 
of the nucleus posterior were found to produce significant 
retention losses on both easy and difficult visual discrimi­
nations. Confirmation was also obtained concerning the 
critical participation (McNew, 1965; Thompson & Rich, 1961a) 
of the nucleus posterior in mediating a brightness discrimi­
nation. This was shown by the significant correlation be­
tween extent nucleus posterior damage and savings scores in 
group DP trained on a brightness discrimination which was 
comparable in difficulty to the discrimination task employed 
by Thompson and Rich (1961a). The nonsignificant correla­
tion between percent nucleus posterior destruction and the 
individual savings score in group EP further suggests that 
the functional specificity of the nucleus posterior decreases 
as the difficulty of the brightness discrimination decreases. 
The present results have revealed that the pretectal nucleus 
as well as the nucleus posterior, is critically involved in 
mediating a difficult brightness discrimination. This
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finding is not surprising in light of the fact that this 
nucleus is known to receive fibers of both retinal (Hayhow, 
Sefton, & Webb, 1962) and occipital (Nauta & Bucher, 1954) 
origin. The implication of the pretectal nucleus in medi­
ating visual discriminations gains still further support 
from the observation that lesions of the nucleus posterior 
which disrupt various visually guided habits invariably in­
vade the pretectal nucleus as well (Thompson, 1963; Thompson, 
Lesse, & Rich, 1963; Thompson & Rich, 1963). However, ear­
lier studies (Thompson & Rich, 1961a; McNew, 1965) failed 
to obtain a significant relationship between retention 
scores and damage to the pretectal nucleus. It should be 
pointed out that the area corresponding to the pretectal 
nucleus (see Figure 3) which correlated significantly with 
savings in the present study is sufficiently different from 
the corresponding discrete area (dorsal to the nucleus pos­
terior) correlated with savings by Thompson and Rich and 
McNew. This difference most likely accounts for the lat­
ter* s failure to obtain a significant correlation.
The results of the present study are perhaps best 
understood by considering them in relation to the pathways 
by which visual impulses are conceived to exert a directive 
influence on overt behavior. It has recently been demon­
strated that a posterior thalamo-mesencephalic pathway is 
functionally significant in mediating visually guided
behavior (Thompson, Lesse, & Rich, 1963; Thompson, Rich, & 
Langer, 1964). The fibers of this pathway take their origin 
in the nucleus posterior, then arch ventrally and medially 
passing in a downward direction in the medial subthalamus to 
terminate in the region of the red nucleus and substantia 
nigra (Papez & Freeman, 1930). Thompson et al. (1964) found 
that either bilateral pretectal knife transections of this 
pathway or bilateral lesions of the red nucleus or substan­
tia nigra produced significant retention losses on a 
brightness discrimination. The region of the substantia 
nigra and red nucleus (also, lateral posterior hypothalamus), 
termed collectively the ventral mesencephalon, is conceived 
to be essential for the integration of simple learned behav­
iors (e.g. a brightness discrimination). Based on these 
results and the known importance of the striate cortex and 
nucleus posterior, Thompson, Rich, and Langer (1964) suggest 
that visual impulses elicit appropriate motor responses by 
means of a pathway which extends from the visual cortex to 
the nucleus posterior, and then, to the ventral mesencepha­
lon. It is important to note that, based on the comparisons 
eind conclusions provided by Thompson and Rich (1963), these 
investigators surmised that the above mentioned occipito- 
pretecto-mesencephalic (O-P-M) pathway is probably involved 
in mediating primitive types of perception. They suggest 
that an anatomically, defined pathway (Valverde,. 1962) which
extends directly from the striate cortex to the ventral 
mesencephalon mediates perceptually complex discriminations 
(e.g. a pattern discrimination). Behavioral evidence for 
the existence of a direct occipito-mesencephalic (0-M) path­
way selectively subserving a form discrimination has recent­
ly been reported (Thompson, 1965). In this broader context, 
the results of the present study are taken to indicate that 
the postulated role of the O-P-M pathway must be revised. 
Specifically, the group DP versus EP comparison shows that, 
Ss in whom the O-P-M pathway (thought to mediate easy dis­
criminations) is interrupted, while sparing the direct O-M 
pathway (assumed to be involved in perceptually complex 
habits) exhibit significantly greater loss on a difficult 
as compared to an easy brightness discrimination. One must 
conclude that the O-P-M pathway participates importantly in 
mediating a difficult brightness discrimination.
The failure to obtain a significant correlation in 
group EP between extent nucleus posterior damage and the 
savings score indicates that the nucleus posterior is not 
critically involved in mediating an easy light-dark dis­
crimination in which the positive stimulus is an intense 
113 ft-c floodlight. This finding is completely contrary 
to the notion that the O-P-M pathway mediates easy visual 
discriminations. Additionally, it will be recalled that 
the extent of damage to no other pretectal structure was
reliably related to retention loss. It has recently been 
reported that thirsty rats trained to surmount a hurdle 
at the onset of a bright light (two, 100-watt bulbs), in 
order to obtain water reinforcement, failed to show any 
retention loss following either bilateral striate or nu­
cleus posterior lesions (Breen & Thompson, 1965);. Further, 
as in the current study, no correlation was obtained be­
tween percentage of nucleus posterior damage and the 
savings score; in fact, the relationship was in the op­
posite direction (irho = -.68). The results of the two 
experiments suggest that easy visual discriminations 
involving a strong sensory input may be mediated by any 
one of the various pretectal structures. The failure to 
obtain a significant correlation in group EP between the 
total pretectal diencephalic damage (range = 20-4096), and 
the individual savings score, seems to indicate that in 
order to produce a severe retention loss on an easy visual 
discrimination, extensive, perhaps total, pretectal lesions 
must be made. One cannot fail to recognize that the rela­
tionship between pretectal diencephalic damage and retention 
loss on easy visual tasks resembles the known relationship 
between occipital cortical damage and brightness discrimi­
nation loss.
SUMMARY
On the basis of previous research it was proposed that 
as the difficulty of a visual habit increases— from the 
onset of a light to a complex form discrimination— the nu­
cleus posterior decreases in importance, and conversely, 
the striate cortex increases in importance. A lesion ex­
periment using adult male rats is described which was 
designed to determine whether such an inverse relationship 
exists by comparing the effect of striate and nucleus pos­
terior lesions on an easy and a difficult brightness 
discrimination. The following results were obtained:
1. Bilateral destruction of the nucleus posterior 
produces a significant retention loss on both an easy and
a difficult brightness discrimination, but prevents relearn­
ing in a significantly fewer number of trials required in 
original learning on a difficult discrimination only. Nu­
cleus posterior lesions produce a significantly greater 
loss on a difficult as compared to an easy brightness dis­
crimination .
2. Bilateral destruction of the occipital cortex pro­
duces a significant retention loss on both an easy and a 
difficult brightness discrimination, but prevents relearning 
in a significantly fewer number of trials required in
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original learning on a difficult discrimination only. Stri­
ate lesions produce a markedly greater (but statistically 
nonsignificant) retention loss on a difficult as compared 
to an easy discrimination.
3. The percent nucleus posterior damage correlates 
significantly with the individual savings score on a diffi­
cult brightness discrimination* but no reliable relationship 
between the two was obtained on an easy discrimination.
4. Neither bilateral nucleus posterior nor striate 
lesions produce a reduction in the ability to detect small 
amounts of light.
5. The results are interpreted as evidence for a 
direct, rather than an inverse, relationship between the 
nucleus posterior and visual cortex in mediating an easy 
and a difficult brightness discrimination.
6. The implication of a direct relationship between 
the nucleus posterior and visual cortex is discussed in the 
conceptual framework of a occipito-pretecto-mesencephalic 
pathway.
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